I 



Z£9-d S20/6DQ d 


BIOMEDICAL AND ENVIRONMENTAL SCIENCES 13 , 44-55 ( 2000) 
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In order to study effects of cigarette smoking and smoking cessation on plasma constituents end 
enzyme activities related to oxidative stress, 1255 smokers and 524 healthy non-smokera were inves¬ 
tigated in terms of plasma levels of lipoperuxides (LPO) i nitric oxide (NO) , vitamin C (VC) , vita¬ 
min E (VE) and 0-carotene (0-CAR). Additionally, erythrocytes were examined to deterimine the 
level of LPO, the activities of superoxide dismutase (SOD), catalase (CAT) and glutathione peroxi¬ 
dase ( GSH-Px) . The results showed that, when compared with the average values of the non-smoker 
group, the average plasma values of LPO, NO and the average erythrocyte value of LPO in the 
smoker group were significantly increased ( P < 0.001 ) , while the average plasma values of VC, 
VE, (J-CAR, and the average erythrocyte activities of SOD. CAT, GSH-Px were significantly de¬ 
creased ( P < 0.001) . A linear regression and correlation analysis for 65 male smokers who were all 
40 years old showed that with longer smoking duration and greater daily smoking quantity, the plas ¬ 
ma values of LPO, NO and the eiythrocyte value of LPO were elevated, while the plasma values of 
VC, VE, 0-CAR and erythrocyte values of SOD, CAT, GSH-Px were decreased. In a group of 73 
smokers who stopped smoking completely for six months, the average plasma values of LPO, NO and 
the average erythrocyte value of LPO decreased, although they were still significantly higher than 
those in the matched non-smoker group ( P < 0.05) . Additionally, the average plasma values of 
VC, VE, 0-CAR and the average erythrocyte values of SOD, CAT, GSH-Px increased, although 
they were still significantly lower than those in the matched non-smoker group ( P < 0,05) , How¬ 
ever, after smoking cessation for one year the above average values were not significantly different 
from those in the matched non-smoker group ( P > 0.05) . This finding indicates that the markedly 
increased oxidative stress in smokers might gradually return to normal but only after a long period of 
smoking cessation. In conclusion, in the bodies of smokers a series of free radical chain reactions 
wwe gravely aggravated, the dynamic balance between oxidation and anlioxxdation was seriously dis¬ 
rupted, and oxidative stress was clearly exacerbated, which is closely related to many disorder or 
diseases in smokers. The present study underscored the need, urgency and importance of complete 
smoking cessation. 


INTRODUCTION 

Several studies have indicated that cigarette smoke increases lipoperoxidation and also 
increases the susceptibility of smokers to LDL oxidation (5teinberg et al. , 1998) , and also 
has a peroxidant activity that results in the formation of LPO in smokers (Garcia et al. , 
1998) . The concentration of antioxidant vitamin C in smokers ’ breast milk was also lower 
and this might result in peroxidation problems for their newborns (Ortega et al. , 1998) . It 
has also been shown that nicotine destroys the expression of endothelial nitric oxide synthase 
(eNOS) and inducible nitric oxide synthase (iNOS) in macrophages (Van Straaten et al. , 
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1998), and affects plasma NO, (Miller el al., 1998) and stimulates the synthesis and/or 
release of nitric oxide (NO) (Mayban et al. , 1998) . Additionally plasma levels of vitamins 
C, E and betacarotene in smokers are lower than those in non-smokers (Nadif et al , , 
1998; Ortega et al. , 1998; Plit el al. . 1998; Powell et al. , 1998). Smoking aggravates 
lipo peroxidation associated with superoxide anion free radical (O z ) (Garcia et al . . 1998; 
Nishio et al. , 1998; Ueyama et a l. , 1998), and decreases the activities of superoxide 
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GSH-Px) (Nishio et al . , 
1998; Pryor et al. , 1998) . Some researchers emphasize that tar radicals cause DNA dam¬ 
age (Pryor et al. , 1998). Up to now. however, there have been no reports on erythrocyte 
level of LPO in smokers, nor comprehensive analyses on association of oxidative stress with 
cigarette smoking and smoking cessation. There are no studies that correlate oxidative and 
antioxidative stress with smoking duration or daily smoking quantity, nor comparisons be¬ 
tween each of the linear correlation coefficients among ages and the oxidative, antioxidative 
indexes in healthy non-smokers and in smokers. 

Therefore, in order to evaluate the effects of cigarette smoking and smoking cessation 
on plasma constituents and enzyme activities related to oxidative stress, plasma levels of 
LPO, NO, VC, VE, and ff-CAR, as well as erythrocyte levels of LPO, and the activities of 
SOD, CAT and GSH-Px were determined in 1255 smokers and 524 healthy non-smokera us¬ 
ing spectrophotometric assays. The differences between average values in the two groups 
were compared by analysis of variance (ANOV) , Meanwhile, the differences between aver¬ 
age values of the matched non-smoker group and the matched smoker group were analyzed by 
paired t test, and the differences between average values of the different smoking duration 
groups or different daily smoking quantity group were also compared and analyzed with 
ANOV or rank test. Linear regression and correlation analysis of the values in relation to 
smoking duration and daily smoking quantity were made in 65 male smokers aged 40 years. 
Furthermore, the values in 73 smokers who stopped smoking foy six months or one year were 
investigated dynamically, and compared with those in matched healthy non-smokers. The 
difference between each of the linear correlation coefficients for age and for each of the mea¬ 
sured values in the non-smokers and the smokers was compared by u test. 

SUBJECTS AND METHODS 

Subjects 

Smokers. A total of 1255 cigarette smokers were randomly sampled through routine 
physical examinations. The amount of tar in the cigarettes was 14 - 18 mg/piece, and nico¬ 
tine in cigarette gas was 1.0 ~ 1.5 mg/piece. As for professional distribution, of 1255 
smokers there were 326 office workers (26.0%), 734 workers (58.5%), 153 teachers 
(12.2%) and 41 doctors (3.3%). The subjects were aged between 18 and 76 (45.2 ± 
11 .5) years, with a smoking duration of 1 to 53 (18.3 ± 10.6) years, and daily smoked 
between 3 and 60 (17.6±8.7) cigarettes. Of the subjects, 944 were male, aged from 18 
to 76 (45 .3 ± 11.4) years, with a smoking duration of 1 to 53 (18.4 ± 10.8) years, and 
smoked 3 to60 (17.7*9,l) cigarettes per day; 311 were female, aged from 19 to 74 ( 44. 
9 ± 10.9) years, with a smoking duration of 1 to 50 (17.9 ± 10.5) years, and smoked 3 to 
60 (17 .4 ± 8.3) cigarettes per day. There was no significant difference (P>0.05) be¬ 
tween the average age of the male group and the female group as determined by t test, not a 
significant difference ( P >0.05) in the sexual distinction proportion between the two groups 
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as determined with X* test. 

Because all of the above values showed a certain degree of linear correlation with the 
ages of the smokers, with a concentration at 40 years, 65 male 40 year old smokers were 
randomly selected from 1255 smokers using the random numbers table (RNT). This was 
done to eliminate analytical errors possibly induced by the differences in the ages and the 
sexual distinction proportion of the smokers. The above values were used for linear regres¬ 
sion and correlation analysis. Their smoking duration was 1 to 21 (9.8 ±5.8) years, with 
18 smokers smoking for ^5 years, 16 smokers smoking for 6 to 10 years, 18 smokers smok¬ 
ing for 11 to 15 years, and 13 smokers smoking for 16 years. Their daily smoking quantity 
was 3 to 60 (23.2 ± 16.4) cigarettes, with 19 smokers consuming ^10 cigarettes, 15 
smokers consuming 11 to 20 cigarettes, 17 smokers consuming 21 to 40 cigarettes, and 14 
smokers consuming > 40 cigarettes . 

In order to study the changes of the above values in smokers who completely abstained 
from cigarette, 73 smokers (47 male and 26 female) who voluntarily abstained from smoking 
were randomly sampled from 1255 smokers using the RNT so as to determine and analyze the 
values in smokers who had completely stopped smoking for six months or one year. 

Non-smokers 524 healthy non-smokers were randomly sampled with the RNT through 
routine physical examinations, and their ages were between 18 and 76 (45.1 ±11.2) 
years. Of them, 397 were male, aged from 18 to 76 (45.0 ± 11.3) years, and 127 were 
female, aged from 20 to 74 (45.4 ± 11.1) years. As for their professional distribution, 136 
were office workers (26.0%), 307 were workers (58.5%), 64 were teachers (12.2%) 
and 17 were doctors 17 (3.3%). 

Among the non-smokers, there was no significant difference ( P > 0.05) in the average 
age of the male group and the female group as determined by t-test. Meanwhile, with the 
RNT, 65 male healthy non-smokers, all aged 40 years, were randomly selected from 524 
healthy non-smokers as the matched control to compare with 65 male smokers aged 40 years 
and selected from 1255 smokers. There was no significant difference ( P > 0.05) in the av¬ 
erage age of the smokers and non-smokers by i-test, nor was there a significant difference 

( P >0.05) in the sexual distinction proportion between the two groups with X? test. For 
the smokers and non-smokers, there were no significant differences ( P > 0.05) in the aver¬ 
age age of the people in the four groups by ANOV, nor significant differences ( P >0.05) 

in the sexual distinction proportion with X* test. 

Furthermore, 73 healthy non-smokers (47 male and 26 female) between the ages of 
38 - 63 (51.8 ± 7.1) years were randomly selected from 524 healthy non-smokers with the 
RNT so as to make matched analysis with the 73 smokers who voluntarily stopped smoking 
for six months or one year. 

All the subjects were within normal ranges for routine blood, urine and feces tests, 
ECG and radiographs. Those people with disorders associated with heart, brain, lung, liv¬ 
er. kidney and other organs were excluded, and those with diseases such as hypertension, 
hyperlipemia, chronic bronchitis, autoimmune disease, diabetes, atherosclerosis, senile 
cataract were also excluded. Subjects were never exposed to radiation, work related intoxica¬ 
tion or pesticides. Within one month before recruitment they took no antioxidants such as vi¬ 
tamin C. vitamin E, ginkgo biloba, theo-polyphenols or other agents. 

Methods 

Blood samples collection and pretreatment. Fasting venous blood samples were col- 
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lected in the morning for all the subjects and heparin sodium was added as anticoagulant. 
TLe separated plasma and erythrocytes were stored at 4^ immediately (Zhou ei al. , 1997 
a) . 

Plasma LPO level. Trichloroacetic acid (TCA) solution (20.0 g% , w/v) was used 
to sedimentate proteins in plasma. The protein sediment having LPO reacted with thiobarbi- 
turic acid (TBA) solution (0.67 g% , w/v) and produced red chemical compounds follow¬ 
ing incubation in a water bath at 100°C . This was detected spectrophotometrically, using te- 
traethoxypropane (TEP, 5.0 pmol/L) as the standard and a wavelength (WL) of 532 nm. 
Concentration was expressed as pmol/L (Zhou et al. , 1991) . 

Plasma NO level . Colloidal aluminum hydroxide without nitrite was used to adsorb 
yellow pigments and to sedimentate proteins in the plasma. The nitrite in the supemate, 
which cdntained sodium acetate (0 .20 moL/L) and sulphanilic acid (3.30 mmol/L), react¬ 
ed with a-naphthylamine and formed a colored product, which was detected spectropho¬ 
tometrically using sodium nitrite (2.50 pmol/L) as the standard and a WL of 520 nm. Con¬ 
centration was expressed as nmol/L (Zhou et al . , 1997a) . 

Plasma VC level. TCA (5.0 g% , w/v) was used to sedimentate proteins in plasma, 
and feme trichloride was added to the supemate. Vitamin C in supemate reduced Fe 3 + in 
ferric trichloride to Fe 2 * . Fe 2 * , which reacted with ferocene, produced a coloured end 
product. This product was detected spectrophotometrically at 563 nm using vitamin G as the 
standard. Concentration was expressed as /imol/L (Zhou et al. , 1997b) . 

Plasma VE level. Absolute ethyl alcohol was used to sedimentate proteins in plasma 
and to extract vitamin E from plasma. Vitamin E in the supemate reduced Fe 3+ in ferric 
trichloride to Fe 2 * , Fe 2 + reacted with ferrocene to form a colored end product that was de¬ 
tected at 563 nm, with its concentration expressed as pmol/L (Zhou et al . , 1997b) . 

Plasma [3-CAR level. A mixed solution of absolute ethyl alcohol and petroleum ether 
was used to sedimentate proteins in plasma and to extract ^-carotene. The petroleum ether 
extract containing p-carotene was analyzed colorimetrically, using p-carotene as the standard 
‘and a wave length setting of 440 nm. Concentration was expressed as pmol/L (Zhou et al. . 
1997b). 

Erythrocyte LPO level . The mixed solution of absolute ethyl alcohol and 
trichlonomethane (5 : 3) was used to sedimentate hemoglobin (Hb) from a hemolytic solution 
(HS) of RBC without WBC and platelets, and to extract LPO in the H5. Hb level was de¬ 
termined in the HS. LPO in the extract solution reacted with TBA-glacial acetic acid solution 
(1.0 g% , w/v) and produced red chemical compounds in a water bath at 100“C , This was 
detected using TEP (5.0 pmol/L) as the standard at a WL of 532 nm. Concentration was 
expressed as pmol/g‘Hb (Zhou et al. , 1998) . 

Erythrocyte SOD activity. The mixed solution of absolute ethyl alcohol and 
trichloromethane (5 : 3) was used to sedimentate Hb from the HS of RBC without WBC and 
platelets, and to extract SOD from the HS. Hb level was determined in the HS. Pyrogallol 
(6.0 mmol/L) auto-oxidized in Tris-HCl buffer (50 mmol/L, pH 8.20), and the SOD ex¬ 
tract were added to the buffer in order to inhibit the auto-oxidation of pyrogallol. SOD activi¬ 
ty was calculated according to the auto-oxidation rate of pyrogallol and the rate of SOD-in- 
hibited pyrogallol auto-oxidation. A WL. of 420 nm was used, and SOD activity indicated as 
U/g'Hb (Zbou et al. , 1997b). 

Erythrocyte CAT activity. H 2 0 2 ( 0.20 mol/L) was added to phosphate buffer (10 
mmol/L, pH 7.0) containing HS of RBC without WBC and platelets . The Hb level was de¬ 
termined in the HS. After a reaction time of 60 s, a solution of potassium bichromate 
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(0.169 mol/L) and glacial acetic acid (1 : 3) was added to the reactive solution in order to 
stop the coloration reaction, and the reactive solution was heated for 10 min at 100“C . Col¬ 
orimetry was done after cooling of the solution at a WL of 570 nm. CAT activity was ex¬ 
pressed as K/g - Hb (Zhou et al. , 1997a) . 

Erythrocyte GSH-Px activity. A solution of absolute ethyl alcohol and 
trichlaromethane (5:3) was used to sedimentate Hb from the HS of RBC without WBC and 
platelets, and to extract GSH-Px in the HS. Hb level was determined in the HS. GSH-Px in 
the extract catalyzed the reaction of glutathione with 5, 5'-dithiobis-p-nitrobenzoic acid 
(DTNB) and produced yellow chemical compounds. This was detected at 422 nm, using 
glutathione as the standard and GSH-Px activity was expressed as U/g" Hb (Zhou et al. , 
1997a). 

Major analytical reagents such as VC, VE, CAR, SOD, CAT, a-naphthylamine, 1, 
2, 3-trihydroxybenzen, 1, 1, 3, 3-tetraethoxypropane, 2-thiobarbituric acid were all pur¬ 
chased from SIGMA CHEMICAL COMPANY, USA; and the other analytical-grade reagents 
were all produced in China. The fresh four-distilled-water was prepared with quartz glass 
distilling apparatus. The main analytical instruments were 721-spectrophotometer, UV-754- 
spectrophotometer and others. 

Statistic Analysis 

All data were analyzed with SPSS/8.0 and Statistica/5.0 statistic software using a 
Compaq Pentium [D/600 computer. Statistical testing methods included the t test, paired e 

test, analysis of variance (AN0V), rank test, chi square test ( / 2 test), linear regression 
and correlation analysis, and the u test between two Linear correlation coefficients. In the 
statistic analysis of the study, the level of significance of hypothesis testing (a) ^0.05. 
and the power of test > 0.75 . 


RESULTS 


The average plasma values of LPO and NO and the erythrocyte values of LPO in each of 
the smoker groups are significantly higher than those in the corresponding non-smoker 
groups. The average plasma values of VC, VE and [3-CAR, and the erythrocyte values of 
SOD, CAT, GSH-Px in each of the smoker groups are significantly lower than those in the 
corresponding non-smoker groups (Table 1). 

Compared with the matched non-smoker group, the average plasma values of LPO and 
NO, and the erythrocyte value of LPO in the matched smoker group are significantly in¬ 
creased, while the average plasma value of VC, VE and [3-CAR, and the erythrocyte values 
of SOD, CAT, GSH-Px are significantly decreased (Table 2) . 

With prolonged smoking, the average plasma values of LPO and NO, and the erythro¬ 
cyte value of LPO are significantly raised, while the average plasma values of VC, VE and 
(3-CAR. and the erythrocyte values of SOD, CAT, GSH-Px are significantly Lowered (Table 
3). 

The linear regression and correlation analysis of the above values in comparison with 
smoking duration in 65 smokers indicates that with prolonged smoking the plasma values of 
LPO and NO, and the erythrocyte value of LPO are gradually increased, representing a sig¬ 
nificant linear positive correlation, whereas the plasma values of VC, VE and [3-CAR, and 
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TABLE l 


Comparison of the Above Determined Values {x * i) Between the Smoker Group and the Non-Smoker Group 


Group 

II 



Plasma 



LPO 

NO 

VC 

VE 

(3-CAft 

Non-smoker (M) 

397 

10.8 ±1.5 

378 * 190 

53.7* 17.6 

24.1 ±6.9 

1.68 * 0.65 

(F) 

127 

10.6 ± 1.3 

368 * 173 

54.9* 17.7 

25.0*7.5 

1.69*0.67 

(T) 

524 

10.7 ± 1.4 

376 ± 186 

54.0* 17.7 

24.3*7.0 

1.68*0.66 

Smoker (M) 

944 

12.4 ± 1.4”* 

520 ±229'" 

41.2*15.8" 

' 19.4*7.5' 

" 1.33*0.57'" 

(F) 

311 

12.1 * 1.5 ’*’ 

515 ± 240‘" 

41.9*16.0" 

* 20.4 ±7.4' 

" 1.35 * 0.60"' 

(T) 

1255 

12.3* 1.4"' 

519*231"' 

41.4* 15.9" 

‘ 19.6*7.5' 

" 1.34*0.58“' 

Group 




Erythrocyte 











LPO 

SOD 

CAT 

G5H-Px 

Non-smoker (M) 

397 

28 .4 ± 4.3 

1921 ± 153 321 *91 

28.4*5.3 

(F) 

127 

28.1 ±4.1 

1943* 155 327 ±93 

28.9*5.7 

(T) 

524 

28.2 ±4.2 

1926* 154 322 * 92 

28.5 ±5.5 

Smoker ( M) 

944 

31.8 ±4.7’ 

1809* 163"' 272*81 "" 

23.8 ±4.8"' 

(F) 

311 

316*4.5" 

1812*164"' 276 ± 83 * * * 

24.7 ±5.1'" 

<T) 

1255 

31.7*4.6* 

1810*163"' 273 * 82'" 

24.0 ±4.9’" 


Note. ANOV, vs corresponding each non-smoker group: * — * P <0.001; M; mule: F: female; T: total. 


TABLE 2 


Comparison of the Above Determined Values (x ± s) in the Matched 
Smoker Group With the Matched Non-Smoker Group 


Group 

fl 



Plasma 


LPO 

NO 

VC VE 

P-CAR 

Non-smoker 

65 

10.5*1.2 

368 * 148 

55.7* 16.9 25.7*7.4 

1.71*0.67 

Sirxikei 

65 

11.9* 1.6 

509 ± 220 

42.3*16.2 20.8*8.3 

1.39*0.53 

p‘ 


<0.001 

<0.001 

<0.001 <0.001 

<0.001 

Group 

n 



Erythrocyte 


LPO 

SOD 

CAT 

GSH-Px 

Non-smoker 

65 

28.7*4.4 

1963.2 * 138.3 317.8 *81.4 

27.1 ±4.9 

Smoker 

65 

32.5*4.6 

1835.8* 161.6 266.7 ±78.6 

23.2*4.7 

P‘ 


<0.001 

<0.001 <0 001 

<0.001 


‘Paired r test- 


the erythrocyte values of SOD, CAT, GSH-Px are gradually decreased, representing a sig¬ 
nificant linear negative correlation (Table 4) . 
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TABLE 3 

Comparison of the Above Determined Values (i ± j) in the Different Smoking 
Duration Croups With the Non-Smoker Group 


Croup 



Plasma 

V 




LPO 

NO VC 

VE 

(3-CAR 

Non-smoker 

65 

10.5 ± 1.2 

363 ±148 55.7 ±16.9 

25.7 ±7.4 

1.71 ±0.67 

-g 5 years 

IS 

10.6± 1.8 

385 ±242 54.7 ±5.9 

26.4 ±6.6 

1.80 ±0.20 

6 years - 

16 

11.6* 1.4* 

429 ± 184*" 44.8 ±10.4* 

22.8 ± 5.3 * 

' 1.47 ± 0.34" 

11 years - 

18 

12.4± 1.0*" 

576 ± 146 36.9 ± 14.4"" 

17.7*7.3' 

" 1.21 ±0.47*" 

^ 16 years 

13 

13.2 ± 0.7*" 

687 ± 172 '** 29.9 ±21.3*"* 

14 .9 ± 9 .8" 

0.98 ± 0,70'" 

Group 



Erythrocyte 




LPO 

SOD CAT 

CSH-Pk 

Non- smoker 

65 

28.7 ± 4.4 

1963 ± 138 318 ± 81 

27.1 ±4.9 

^5 years 

18 

30 .5 ± 2.3' 

1922 ±92 304 ± 

58 

26.4± 2.8 

6 years - 

16 

31 .9 ±4.1" 

1858 ± 133 * 271 * 65 ‘ 

24.2±4.1* 

11 years - 

18 

33.3 ± 6.0" 

1783 ±163" 258 ±78" 

22 .3 ± 5.8" " 

5 16 years 

13 

34 .6 ± 6 . 5 "" 

1764 ±215"* 222 ±124"* 

18.7 ± 7.5 


Note. Rank test, vs non-smoker group: + P < 0.05, * * P < 0.01, * * * P < 0.001 : ^5 years, 6 
year ^ , 11 years - , gt 16 years are respectively the different smoking duration in the smokers- 

TABLE 4 


The Linear Regression and Correlation Between the Above Values and the Smoking Duration of 65 Smokers 


Correlative Item 

71 

Regression Equation 

r 

P 

Plasma LPO with smoking Duration 

65 

y= 10.3456 + 0.1531 Jf 

0.5513 

<0.0001 

Erythrocyte LPO with Smoking Duration 

65 

Y = 29.6871 +0.2742 A 

0.7248 

<0.0001 

Plasma NO with Smoking Duration 

65 

r = 290.243 + 21.773* 

0.6063 

<0.0001 

Plasma VC with Smoking Duration 

65 

Y = 58.3166 - 1.6241 X 

- 0.5857 

<0.0001 

Plasma VE with Smoking Duration 

65 

Y= 28.7692 -0.8116A 

- 0.5620 

<0.0001 

Plasma p-CAR with Smoking Duratcn 

65 

Y= 1.9153 -0.0533* 

- 0.6274 

<0.0001 

Erythrocyte SOD with Smoking Duration 

65 

Y= 1951.86- 11.83877 

- 0.4257 

0.0004 

Eiythrecyte CAT with Smoking Duration 

65 

Y= 318.252 -5.2104* 

- 0.7184 

<0.0001 

Erythrocyte GSH-Px with Smoking Duration 

65 

Y= 28.1487 -0.5216* 

- 0.6987 

<0.0001 


As the amount of daily smoking increased, the average plasma values of LPO and NO, 
and the erythrocyte value of LPO in the smokers are significantly increased, while the aver¬ 
age plasma values of VC, VE and (3-CAR, and the erythrocyte values of SOD, CAT, GSH- 
P* are significantly decreased (Table 5) . 

The linear regression and correlation analysis for the above values in relation to the dai¬ 
ly smoking quantity in 65 smokers shows that with an increase in the amount of daily smok¬ 
ing, the plasma values of LPO and NO, and the erythrocyte value of LPO are gradually in- 
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creased, representing a significant linear positive correlation. The plasma values of VC, 
VE, and p-CAR, and the erythrocyte values of SOD, CAT, GSH-Fx are gradually de¬ 
creased, representing a significant linear negative correlation (Table 6) . 

TABLE 5 

Comparison of the Above Determined Values (s ± s) in the Different 
Daily Smoking Quantity Groups With the Non-Smoker Group 


Plasma 


Group 

n 

LPO 

NO VC 

VE 

p-CAR 

Non-smoker 

65 

10.5± 1.2 

368 ± 148 55.7*16.9 

25.7*7.4 

1.71*0.67 

^ 10 pieces 

19 

10.6± 1.8 

376 ± 239 54.0 ±5.9 

25.9 ±6 3 

1.78 ±0.19 

11 pieces - 

15 

11.8 ±1.5' 

443+182" 45.9+10.5' 

23.0*5.4 

1.51+0.34 

21 pieces - 

17 

12.4* 1.0"' 

569 ±146'" 36.2± 14.6” 

' 18.1 ±7.3 

" 1.19*0.48"' 

>41 pieces 

14 

13.3 * 0.7 ‘ ‘ 

689* 165’" 29.3 * 20.6” 

' 14.7*9.5 

0.96 + 0.68'" 

Group 



Erythrocyte 




LPO 

SOD CAT 

GSH-P* 

Nan-smelter 

65 

28.7 ±4.4 

1963 + 138 318 ±81 

27.1 ±4,9 

^ 10 pieces 

19 

30.4 ± 2.2' 

1927 ± 88 308 *59 

26.1 + 2.7 

11 pieces - 

15 

32.1 ±4.0' 

1874 ±130' 271 ±64' 

24.0 + 4.2' 

21 pieces - 

17 

33.4 ± 5.9' 

1797 - 162" 257 * 82" 

21.8 ±5.9"' 

>41 pieces 

14 

34.7 ±6.9* 

1753 * 210'" 217*117'" 

20.1 ±6.5"' 

/Vote. Rank test 

. vs 

nen- smoker-group; * P < 0 - 05 , •**P<Q.0L± 

+ * * P < 0. 

001; ^10 pieces, it 


pieces - . 21 pieces - . 3:41 pieces are respectively the different daily smoking quantity in the smokers 


TABLE 6 


The Linear Regression and Correlation Between the Above Values and the Daily Smoking Quantity of 65 Smoke** 

Correlative Item 

n 

Regression Equation 

r 

P 

Plasma LPO with Daily Smoking Quantity 

65 

Y= 10.7090 + 0.0490 X 

Q.4964 

<0.0001 

Erythrocyte LPO with Daily Smoking Quantity 

65 

K = 30.3565 + 0.0917 X 

0-7412 

< 0.0001 

Plasma NO with Daily Smoking Quantity 

65 

Y* 283.261 ± 7.5684A 

0.6B71 

<0.0001 

Plasma VC with Daily Smoking # Quantity 

65 

Y = 56.5751 -0.6201 X 

-0.6240 

<0.0001 

Plasma VE with Daily Smoking Quantity 

65 

Y = 27.5035 - 0,2899 X 

-0.5751 

<0.0001 

Plasma p-CAR with Daily Smoking Quantity 

65 

Y= 1.8585 - 0.0204A 

-0.6241 

<0.0001 

Erythrocyte SOD with Daily Smoking Quantity 

65 

Y= 1945 .43 - 4.7170* 

-0.4778 

<0.0001 

Erythrocyte CAT with Daily Smoking Quantity 

65 

E = 310.458 - 1.8713Af 

-0.726L 

<0.0001 

Eiythrocyie GSH-Px with Daily Smoking Quantity 

65 

V = 26.2717 - 0.1305 K 

-0.6847 

<0.0001 


The results from 73 smokers who stopped smoking completely for six months showed 
that although the average plasma values of LPO, and NO, and the erythrocyte value of LPO 
decreased, they were significantly higher than those in the matched non-smoker group; and 
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although the average plasma values of VC, VE and p-CAR, and the erythrocyte values of 1 

SOD, CAT, GSH-Px increased, they were still significantly lower than those in the matched * 

non-smoker group. However, one year after their complete smoking cessation, there were no 
significant differences in all of the values between the two groups (Table 7) . I 


Comparison of the Above Values (x ± i) in 73 Smokers Completely Stopped Smoking 
for Six Months or One Year and 73 Non-Smokers 


Non-smoker 
Six months 
One year 


LPO NO VC VE (3-CAR 

10.9 ± 1.5 374*144 53.4 ± 14.7 24.1*6.9 1.64±0.63 

It .5 ± 1.7 ' 438 x 193 ‘ 48.5± 13,8' 21.6 ± 6.7' 1.41±0.67 - 

lit 4:1.6 399 ±163 49.8 * 14.5 22.3*6. 2 1.47±0.7l 

Erythrocyte 




LPO 

SOD 

CAT 

CSH-Px 

Non-smoker 

73 

29 .3 ± 4.7 

1928 * 152 

309 ± 99 

26.4± 5.0 

Six months 

73 

30.9*5.1' 

1870 * 158' 

' 274 ± 87 1 

24.6 ±5.1 ' 

One year 

73 

25.5 *4.7 

1890 * 163 

29.7*4.8 

284 * 92 


Vole. ANOV, vs non-smoker group: * P <0.05i six months, one year are respectively the duration ab¬ 
stained from smoking in 73 smokers. 

Comparison of each of the linear correlation coefficients between the ages and the above 
values in 524 healthy non-smokers and 1255 smokers indicates that the oxidative stress expe¬ 
rienced by smokers is significantly more severe than that of the non-smokers (Table 8) . 

TABLE 8 

Comparison of the Each cf the Linear Correlation Coefficients Between 


the Ages and ihe Above Values 

in the Non-Smokers and the Smokers 


Comparative Item — 

r 

Noti-Smoker 

( n = 524) 

Value 

Smoket 
(n = 1255) 

u Value 

P 

Age with Plasma LPO 

0.2347 

0.4318 

4.276 

<0-001 

Age with Erythrocyte LPO 

0.2429 

0.4593 

4.768 

<0.001 

Age with Plasma NO 

0.1796 

0.4186 

5.072 

<0.001 

Age with Plastic VC 

-0.2176 

-0.3945 

3.759 

<0.001 

Age with Plasma VE 

-0.1984 

-0.3716 

3.629 

<0.001 

Age with Plasma (3-CAR 

- 0.2031 

-0.3687 

3.471 

<0.001 

Age with Erythrocyte SOD 

- 0.2218 

-0.4034 

3.877 

<0.001 

Age with Erythrocyte CAT 

-0.1875 

-0.3651 

3.702 

<0.001 

Age with Erythrocyte GSH-Px 

-0.1932 

- 0.3704 

3.706 

<0.001 
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DISCUSSION 

The findings of the present study suggest that a grave imbalance between oxidation and 
antioxidatian, as well as pathological or physiological aggravation of oxidative stress, may 
occur in smokere. There may be several interpretations. Smokers inhale a great quantity of 
free radicals (FRs) contained in the gas-phase (oils and smog) of cigarettes. Through a 
mouthful of cigarette smoke, a smoker may inhale approximately 10 14 16 FRs, including 
alkyl, alknxyl, alkoperoxyl, polyphenoxyl and other FRs such as tar radical (Pryor et al . , 
1998; Zhou et al. . 1997a, 1997b, 1997c) . Tar radical causes DNA damage and produces 
oxygen free radicals (OFRs) such as Of , hydroxyl radical ( 'OH) , hydrogen peroxy radical 
( HOi ) and H 2 0 2 ( Pryor et al . , 1998 ; Zhou et al. , 1997a) . A great number of FRs stimu¬ 
late alveolar macrophages and neutrophils to produce and release excess OFRs, which pro¬ 
mote lipoperoxidation to form LPO, resulting in lipaperoxidation injury ( Pryor et al. , 1998; 
Zhou et al. , 1997a). The gas-phase of cigarettes also contains a large number of nitrogen 
oxides (NO.). especially NO and N0 2 (Milier el al. , 1998; Zhou et al. , 1997a) . Mean¬ 
while , nicotine may destroy the structural integrity of pulmonary tissue and the expression of 
eNOS and iNOS in macrophages (Van Straaten et al. , 1998) , and stimulate the synthesis 
and/or release of NO (Mayhan et al. , 1998; Nadif et al. , 1998). Cigarette smoke also 
reduces basal blood flow, increases xanthine oxidase activity, and causes neutrophil aggre¬ 
gation, iNOS activation, and thus increased synthesis of NO (Chow et al . , 1998; Zhou et 
al. , 1997a) . No and N0 2 can react with organic molecules such as hydrocarbons and di¬ 
enes in the smoke smog, generating peroxidation and chain reactions of alkyl FRs (Miller et 
al. , 1998; Zhou et.al. , 1997c). Excess NO inactivates antioxidases by combining with 
hydrosulfide groups (-SH) , and NO can combine with Of to produce the superoxide nitroso 
radical (ONOO* ) that has extra-strong oxidation abilities damaging cell functions and deac¬ 
tivating antioxidases (Zhang et al. , 1997; Zhou et al ■ , 1997a) . Again, N0 2 is a very ac¬ 
tive catalyst in lipoperoxidation, and aggravates the lipoperoxidation of polyunsaturated fatty 
acids (PUFAs) (Zhou et al. , 1998) . Excess OFRs also can directly attack PUFAs, lead¬ 
ing to lipoperoxidation of a large number of PUFAs with subsequent formation of LPO, which 
damages cell function (Zhou et al. , 1997a, 1998, 1999). Cigarette smoke also decreases 
the plasma concentrations of VC, VE and 3-CAR as well as the erythrocyte activities of 
SOD, CAT and GSH-Px, and promotes lipoperoxidation (Plit et al. , 1998; Nishio et al. , 
1998; Garcia et al. , 1998; Zhou et al. , 1997 a) . In the water soluble product formed by 
cigarette smog inhaled into lungs, excess OFRs and other FRs all oxidize, decompose and 
destroy the -SH group of antioxidant constituents, thereby weakening their activities (Ortega 
et al , , 1998; Zhou et al. , 1997a) . Heavy smokers appear to have poor appetite, so VC, 
VE and (3-CAR absorbed by their bodies are decreased in quantity, resulting in a significant 
decrease of the antioxidants (Steinberg et al . , 1998; Zhou et al. , 1997a). Smokers have 
to consume a great quantity of antioxidants and antioxidases 60 as to catch and clear excess 
OFRs and other FRs from their bodies, thus their lack of appetite leads to a significant de¬ 
crease of antioxidants and antioxidases. Oxidative stress in smokers is significantly stronger 
than that in non-smokers. 

In this study we have found that long-term smoking and increased daily smoking cause 
the values of plasma LPO, NO and eiythrocyte LPO to gradually increase, and the values of 
plasma VC, VE, (3-CAR and eiythrocyte SOD, CAT, GSH-Px to gradually decrease. Our 
findings suggest that the longer a person smokes and the more a person smokes daily, the 
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more severe are the pathological or physiological oxidative stress, and the greater the risk of 
developing lung, cardiovascular, cerebrovascular diseases and cancer (Zhou et al . , 1997a, 
1997c). 

In this study, although the average values of plasma LPO, NO and erythrocyte LPO 
were decreased in 73 smokers who completely stopped smoking for six months, they were 
significantly higher than in the matched non-smoker group {P < 0-05). Additionally, al¬ 
though the average values of plasma VC, VE, ,3-CAR and erythrocyte SOD, CAT, GSH-Px 
were increased, they were significantly lower than in the matched non-smoker group ( P < 
0.05). Only after complete smoking cessation for one year, the differences in the above av¬ 
erage values in comparison with the matched non-smoker group become insignificant ( P > 0. 
05 ) . The results show that smokers that stop smoking for less than one year will experience 
no distinct positive effect until smoking cessation exceeds one year (Zhou et al . , 1997a, 
1997b, 1997c). 

It cannot be denied that a great quantity of carbon monoxide, NO*, nicotine, tar radi¬ 
cals and other FRs inhaled by long-term smokers severely destroy the dynamic balance be¬ 
tween oxidation and antioxidation, and enhance oxidative stress in their bodies. The oxida¬ 
tive stress induced by smoking increases the risk of hypertension, hypercholesterolemia, 
atherosclerosis, cardio-cerebral vascular diseases, lung diseases such as cancer of lung and 
chronic bronchitis, and other cancers (Britten et al . , 1998; Chan et al . , 1996; Garcia et 
al. , 1998: Kumagai et al. , 1998; Nadif et al. , 1998; Nishio et al . , 1998; Powell et 
al . , 1998; Pryor et al . , 1998; Ueyama et al . , 1998) . The most healthful choice for ev¬ 
ery smoker, therefore, is to abstain from smoking completely and with resolve. 
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